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AMENDMENTS TO THE CLAIMS 

1. (Currently Amended): A method of making light emitting diodes having a transparent 
substrate comprising: 

forming an n-GaN layer on a first side of the transparent substrate; 
forming an active layer on the n-GaN layer; 
forming a p-GaN layer on the active layer; 
forming a p-electrode on the p-GaN layer; 
forming an n-electrode on the n-GaN layer; 

reducing a surface roughness of the transparent substrate using a dry etching method, 
wherein the surface roughness and refractive index of the transparent substrate are such that the 
surface of the transparent substrate forms an escaping angle for photons an inductiv e ly coupl e d 
plasma r e activ e ion b e am e tching (ICPRIE) ; 

forming a reflective layer on a second side of the transparent substrate; and 

forming a scribe line on the transparent substrate. 

2. (Original): The method according to claim 1, wherein the scribe line formed on the first side 
of the transparent substrate. 

3. (Original): The method according to claim 2, wherein the scribe line forms an indentation on 
a surface of the transparent substrate. 

4. (Original): The method according to claim 3, wherein the indentation has a triangular shape. 

5. (Original): The method according to claim 1, further comprising forming a buffer layer 
between the transparent substrate and the n-GaN layer. 

6. (Original): The method according to claim 5, wherein the scribe line penetrates the buffer 
layer and forms an indentation on a surface of the transparent substrate. 

7. (Original): The method according to claim 1, wherein the scribe line is on the second side of 
the transparent layer. 
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8. (Original): The method according to claim 7, wherein the scribe line penetrates the reflective 
layer and forms an indentation on a surface of the transparent substrate. 

9. (Original): The method according to claim 8, wherein the indentation has a triangular shape. 

10. (Original): The method according to claim 1, wherein a space between two diodes formed by 
the scribe line is about 10 |xm. 

11. (Original): The method according to claim 1, wherein a space between two diodes formed by 
the scribe line is less than 10 jam. 

12. (Original): The method according to claim 1, wherein the scribe line is formed by dry 
etching. 

13. (Original): The method according to claim 1, wherein the scribe line is formed by inductively 
coupled plasma (ICP) reactive ion beam etching (RLE). 

14. (Previously Presented): A method of making light emitting diodes comprising: 

forming an n-type layer and a p-type layer on a substrate, wherein the substrate includes 
sapphire; 

forming an active layer between the n-type layer and the p-type layer; 
forming a first electrode contacting the p-type layer; 
forming a second electrode contacting the n-type layer; 
forming a reflective layer on the substrate; and 

forming a scribe line on the substrate using inductively coupled plasma reactive ion beam 
etching. 

15. (Original): The method according to claim 14, wherein the scribe line is on a side of the 
substrate opposite the reflective layer. 



16. (Original): The method according to claim 15, wherein the scribe line forms an indentation 
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on a surface of the substrate. 

17. (Original): The method according to claim 14, further comprising forming a buffer layer 
between the substrate and the n-type layer. 

18. (Original): The method according to claim 17, wherein the scribe line penetrates the buffer 
layer and forms an indentation on a surface of the substrate. 

19. (Original): The method according to claim 18, wherein the indentation has a triangular shape. 

20. (Original): The method according to claim 14, wherein the scribe line is on a side of the 
reflective layer. 

21. (Original): The method according to claim 20, wherein the scribe line penetrates the 
reflective layer and forms an indentation on a surface of the substrate. 

22. (Original): The method according to claim 21, wherein the indentation has a triangular shape. 

23. (Original): The method according to claim 14, wherein a space between two diodes formed 
by the scribe line is about 10 jim. 

24. (Original): The method according to claim 14, wherein a space between two diodes formed 
by the scribe line is less than 10 Jim. 

25-26. (Canceled) 

27. (Currently Amended): A method of making multiple diodes comprising: 

forming an active layer over a transparent substrate, the active layer generating photons, 

wherein the transparent substrate includes sapphire; 

reducing a surface roughness of the transparent substrate using a dry etching method, 

wherein the surface roughness and refractive index of the transparent substrate are such that the 
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surface of the transparent substrate forms an escaping angle for photons inductiv e ly coupl e d 
plasma r e activ e ion b e am e tching ; 

forming a reflective layer on the transparent substrate to reflect the photons from the 
active layer; and 

forming scribe lines on the transparent substrate to separate the multiple diodes using 
inductively coupled plasma (ICP) reactive ion beam etching (RIE). 

28. (Original): The method according to claim 27, wherein a space between two diodes formed 
by one of the scribe lines is about 10 jxm. 

29. (Original): The method according to claim 27, wherein a space between two diodes formed 
by one of the scribe lines is less than 10 urn. 

30. (Canceled) 

3 1 . (Currently Amended): A method of making a plurality of light emitting diodes having a 
transparent substrate comprising: 

forming an n-GaN layer having a first doping concentration on a first side of the 
transparent substrate, wherein the transparent substrate includes sapphire; 

forming an InGaN active layer on the n-GaN layer, the active layer having an In 
concentration in a first range; 

forming a p-GaN layer having a second doping concentration on the InGaN active layer; 
forming a p-type contact layer on the p-GaN layer; 

forming an n-type contact layer on the n-GaN layer by etching the p-type contact layer, 
p-GaN layer and the InGaN active layer; 

reducing a thickness of the transparent substrate by backside lapping at a second side of 
the transparent substrate; 

reducing a surface roughness of the transparent substrate using inductively coupled 
plasma reactive ion beam etchin g, wherein the surface roughness and refractive index of the 
transparent substrate are such that the surface of the transparent substrate forms an escaping 
angle for photons ; 

forming a reflective layer on a reduced surface of the transparent substrate; and 
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forming scribe lines on one of the first and second sides of the transparent substrate to 
separate the plurality of diodes using inductively coupled plasma reactive ion beam etching. 

32. (Original): The method according to claim 31, wherein a space between two diodes formed 
by one of the scribe lines is about 10 |wm. 

33. (Original): The method according to claim 31, wherein the space between two diodes formed 
by one of the scribe lines is less than 10 ^im. 

34. (Canceled) 

35. (Currently Amended): A method of making a plurality of light emitting diodes having a 
substrate comprising: 

forming a first epitaxial layer on a first surface of the substrate; 
forming an active layer on the epitaxial layer; 
forming a second epitaxial layer on the active layer; 
forming a first electrode on the second epitaxial layer; and 

reducing a surface roughness of the substrate using inductively coupled plasma reactive 
ion beam etchin g, wherein the surface roughness and refractive index of the substrate are such 
that the surface of the substrate forms an escaping angle for photons ; 

forming a reflective layer on a second surface of the substrate; and 
forming scribe lines on one of the first and second surfaces of the substrate to separate 
the plurality of diodes. 

36. (Original): The method according to claim 35, wherein a space between two diodes formed 
by one of the scribe lines is about 10 |um. 

37. (Original): The method according to claim 35, wherein the space between two diodes formed 
by one of the scribe lines is less than 10 |nm. 

38. (Original): The method according to claim 35, wherein the scribe lines are formed by 
inductively coupled plasma (ICP) reactive ion beam etching (RIE). 



Page 6 of 14 



DO50295244.1 



Application No.: 09/982,980 



Docket No.: 9323.013.00-US 



39. (Previously Presented): A method of making a plurality of light emitting diodes 
comprising: 

forming a first epitaxial layer on a first surface of a substrate, the substrate including a 
transparent layer and a second epitaxial layer on the transparent layer, wherein the substrate 
further includes sapphire; 

forming an active layer on the first epitaxial layer; 

forming a third epitaxial layer on the active layer; 

removing the transparent layer of the substrate; 

forming a reflective layer on a second surface of the second epitaxial layer; and 
forming a scribe line on one of the first and second surfaces of the substrate to separate 
the plurality of diodes using inductively coupled plasma reactive ion beam etching. 

40. (Original): The method according to claim 39, wherein a space between two diodes formed 
by one of the scribe lines is about 10 (im. 

41. (Original): The method according to claim 39, wherein the space between two diodes formed 
by one of the scribe lines is less than 10 |im. 

42. (Canceled) 

43. (Original): The method according to claim 39, wherein the first surface of the substrate has 
an average surface roughness (Ra) of less than 30 A. 

44. (Original): The method according to claim 39, wherein the second surface of the substrate 
has an average surface roughness of less than 30 A. 

45. (Original): The method according to claim 39, wherein the first surface of the substrate has 
an Ra of less then 20 A. 

46. (Original): The method according to claim 39, wherein the second surface of the substrate 
has an Ra of less than 20 A. 
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47. (Original): The method according to claim 39, wherein the first surface of the substrate has 
an Ra of less then 1 0 A. 

48. (Original): The method according to claim 39, wherein the second surface of the substrate 
has an Ra of less than 1 0 A. 

49. (Original): The method according to claim 1, wherein the first side of the substrate has an 
average surface roughness (Ra) of less than 30 A. 

50. (Original): The method according to claim 1, wherein the second side of the substrate has an 
average surface roughness of less than 30 A 

51. (Original): The method according to claim 1, wherein the first side of the substrate has an Ra 
of less then 20 A. 

52. (Original): The method according to claim 1, wherein the second side of the substrate has an 
Ra of less than 20 A. 

53. (Original): The method according to claim 1, wherein the first side of the substrate has an Ra 
of less then 10 A. 

54. (Original): The method according to claim 1, wherein the second side of the substrate has an 
Ra of less than 10 A. 

55. (Original): The method according to claim 14, wherein a surface of the substrate opposite the 
reflective layer has an average surface roughness (Ra) of less than 30 A. 

56. (Original): The method according to claim 14, wherein a surface of the substrate at the side 
of the reflective layer has an average surface roughness of less than 30 A. 



57, (Original): The method according to claim 14, wherein a surface of the substrate opposite the 
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reflective layer has an Ra of less then 20 A. 

58. (Original): The method according to claim 14, wherein a surface of the substrate at the side 
of the reflective layer has an Ra of less than 20 A. 

59. (Original): The method according to claim 14, wherein a surface of the substrate opposite the 
reflective layer has an Ra of less then 10 A. 

60. (Original): The method according to claim 14, wherein a surface of the substrate at the side 
of the reflective layer has an Ra of less than 10 A. 

61. (Original): The method according to claim 27, wherein a surface of the substrate opposite the 
reflective layer has an average surface roughness (Ra) of less than 30 A. 

62. (Original): The method according to claim 27, wherein a surface of the substrate at the side 
of the reflective layer has an average surface roughness of less than 30 A. 

63. (Original): The method according to claim 27, wherein a surface of the substrate opposite the 
reflective layer has an Ra of less then 20 A. 

64. (Original): The method according to claim 27, wherein a surface of the substrate at the side 
of the reflective layer has an Ra of less than 20 A. 

65. (Original): The method according to claim 27, wherein a surface of the substrate opposite the 
reflective layer has an Ra of less then 10 A. 

66. (Original): The method according to claim 27, wherein a surface of the substrate at the side 
of the reflective layer has an Ra of less than 1 0 A. 

67. (Original): The method according to claim 31, wherein a surface of the first side of the 
substrate has an average surface roughness (Ra) of less than 30 A. 
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68. (Original): The method according to claim 31, wherein a surface of the second side of the 
substrate has an average surface roughness of less than 30 A. 

69. (Original): The method according to claim 31, wherein a surface of first side of the substrate 
has an Ra of less then 20 A. 

70. (Original): The method according to claim 31, wherein a surface of the second side of the 
substrate has an Ra of less than 20 A. 

71. (Original): The method according to claim 31, wherein a surface of the first side of the 
substrate has an Ra of less then 10 A. 

72. (Original): The method according to claim 31, wherein a surface of the second side of the 
substrate has an Ra of less than 10 A. 

73. (Original): The method according to claim 35, wherein the first surface of the substrate 
opposite the reflective layer has an average surface roughness (Ra) of less than 30 A. 

74. (Original): The method according to claim 35, wherein the second surface of the substrate at 
the side of the reflective layer has an average surface roughness of less than 30 A 

75. (Original): The method according to claim 35, wherein the first surface of the substrate 
opposite the reflective layer has an Ra of less then 20 A. 

76. (Original): The method according to claim 35, wherein the second surface of the substrate at 
the side of the reflective layer has an Ra of less than 20 A. 

77. (Original): The method according to claim 35, wherein the first surface of the substrate 
opposite the reflective layer has an Ra of less then 10 A. 

78. (Original): The method according to claim 35, wherein the second surface of the substrate at 
the side of the reflective layer has an Ra of less than 1 0 A. 
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